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Summary

The aim of this study was  to investigate clinical predic-
tors of, and rates of conversion to, dementia syndrome
in a case series of patients with amnestic mild cogni-
tive impairment (aMCI). Two hundred and eight  aMCI
subjects were followed over a six-year period. A lower
Mini Mental State Examination score was a significant
predictor of dementia, and mild cognitive impairment
patients with behavioral and psychiatric symptoms
showed a faster conversion rate.
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Introduction 

The main classification systems describing predementia
cognitive decline generally incorporate subjective, ob-
jective and functional dimensions in varying ways and to
different degrees. Of these systems, the classification
criteria for mild cognitive impairment (MCI) have re-
ceived the most attention (1).
The term MCI describes cognitive impairment in elderly
persons that is not sufficiently severe to qualify for a di-
agnosis of dementia. MCI can present with a variety of
symptoms; it is termed amnestic MCI (aMCI) when mem-
ory loss is the predominant symptom, and it is frequent-
ly a prodromal state of Alzheimer’s disease (AD) (2).
Patients with MCI who may develop AD have been stud-
ied using neuropsychological tests, neuroimaging (both
structural and functional), cerebrospinal fluid analysis,
and other biomarkers, both in isolation and in combina-
tion (3-5).
Efforts to identify clinical predictors of progression to AD

in patients with MCI have generally focused on demo-
graphic factors, neurocognitive performance and biolog-
ical factors (such as apolipoprotein epsilon 4 allele).
Fleisher et al. studied all these variables and concluded
that progression from MCI to AD was best determined
using ApoE status and four common, easily adminis-
tered cognitive measures: the Symbol Digit Modalities
Test, the Delayed 10-Word List Recall, the New York
University Paragraph Recall Test (Delayed) and the
ADAS-cog total score (6).
Neuropsychiatric disturbances are common among MCI
patients (7). Recent studies have investigated and un-
derlined their relationship with cognitive status, and their
role as possible predictors of evolution to dementia (8,9).
In this report, the contributions of clinical, cognitive and
neuropsychiatric variables were analyzed in a consecu-
tive series of aMCI patients, to detect the contribution of
different risk categories to the development of dementia
and to investigate the rate of conversion in the demen-
tia subgroup.

Materials and Methods

In this retrospective investigation we considered a case
series of subjects who fulfilled diagnostic criteria for
aMCI (2) and were followed for six years. The partici-
pants were recruited among outpatients attending the
Laboratory of Neuropsychology and the Alzheimer’s As-
sessment Unit (UVA) at the Circolo Hospital and Macchi
Foundation in Varese and at the IRCCS C. Mondino Na-
tional Neurological Institute Foundation in Pavia, Italy. 
Of a total of 235 consecutive patients, observed be-
tween 2000 and 2010, 27 subjects were lost to follow up
(nine died and 18 dropped out because they changed
medical practitioners or refused to be included in the
study).
After their first examination, the aMCI subjects were
evaluated every 12 months to identify patients who had
converted to dementia. We considered the baseline pic-
ture in the search for an association between clinical
variables and conversion to dementia, as defined by the
current clinical criteria (10-14).
At the baseline examination, all patients underwent a
standard neurological examination, laboratory tests
(routine blood and thyroid work up, B12 and folate lev-
els, Venereal Disease Research Laboratory test), and
neuroimaging investigation (brain computed tomogra-
phy, CT). The use of psychiatric drugs that may affect
cognition or motor functions (such as antipsychotics or
anticholinergics) was excluded. The presence/absence
of temporal atrophy was determined by a categorical
variable (radial width of the temporal horn) using CT-
based cut-off values (15). A validated CT-based weight-
ed rating scale sensitive enough to detect different de-
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grees of subcortical ischemic vascular disease (SIVD)
was also applied. This rating scale is able to capture dif-
ferent degrees of SIVD associated with mild cognitive
deterioration (16).
Mild parkinsonian signs were evaluated looking for the
presence of changes in axial function, rigidity and
tremor (17).
Affective symptoms were assessed using the Geriatric
Depression Scale (GDS) (18). GDS scores were used to
exclude patients with severe depression (score >17)
and as a between-groups control variable (score 0-10 =
absent, score 11-16 = mild-moderate depression). The
Neuropsychiatric Inventory (NPI) (19) and its subscales
were used for the evaluation of behavioral and psycho-
logical symptoms of dementia (BPSDs). Domain scores
of 4 or more are indicative of clinical significance and
are used as entry criteria for treatment trials of demen-
tia-associated neuropsychiatric symptoms (20).
All the patients underwent a standardized baseline neu-
ropsychological battery, designed to assess the cogni-
tive functions that are generally involved in dementia
and to select cases with aMCI. The tests administered
included: the Mini Mental State Examination (MMSE),
the Trail Making Test, parts A and B (TMT), and the Men-
tal Deterioration Battery (MDB) (21-23). The MDB is
comprised of eight tests: four evaluate the processing of
verbal material and four the processing of visuospatial
material. The verbal tests are: immediate (IR) and de-
layed recall (DR) of Rey’s 15 words, word fluency (FAS)
and phrase construction. The visuospatial tests are:
Raven’s 47 progressive colored matrices, immediate vi-
sual memory (IVM) and copying of drawings, freehand
(CD FH) and with landmarks (CD WL). The neuropsy-
chological evaluation was repeated every 12 months to
detect patients who had converted to dementia (impair-
ment of general cognitive and functional abilities).

Statistical analysis

Standardized and validated Italian language versions of
all the above tests are available. The patients’ cognitive
performance was evaluated against normative data for
the Italian population. Raw scores from each test were
corrected for age, sex, and educational level and trans-
formed into corrected scores, in accordance with Italian
standardization studies.
Descriptive statistics, comparison of means (ANOVA) and
a non-parametric test (chi-square test) were used to ana-
lyze differences between the groups and to identify sub-
jects who had or had not converted to dementia. Survival
analyses (Kaplan-Meier and Cox Regression) were used
to detect the effects of clinical variables on conversion to
dementia. The predictive variables for aMCI subjects de-
veloping cognitive decline within and after two years were
also analyzed using a logistic regression model (SPSS
version 16.0, SPSS Inc., Chicago, IL, USA). The critical
value for statistical significance was set at 0.05.

Results

Two hundred and eight cases were followed up for six
years. Their mean age was 73.6±6.9 years (range 52-
84); 84 (40.4%) were males and 124 (59.6%) were fe-

males. Their educational level was 7.5±3.6 years (range
2-18). Sixty-one subjects (29.3%) had a known family
history of dementia. 
In the follow up we considered the first point (examina-
tion) at which the patient was found to have progressed
to a diagnosis of dementia. After six years, 143/208
(68.8%) of the aMCI patients had converted to a definite
diagnosis of dementia. The mean time for conversion
was 18.2 months (range 6-72 months). Over the course
of the six-year study, the overall rate of progression from
aMCI to AD was 11.5% per year. However, 80.7% of the
cases converted within three years, albeit with a de-
creasing trend from the first year to the third year of ob-
servation (Fig.1). As expected, a diagnosis of AD was
established in 93.0% of the converted cases, whereas
non-Alzheimer dementias (vascular/degenerative) were
observed in the remaining 7.0%. During the follow-up
period, the condition of 37 subjects (17.8%) remained
unchanged, whereas 28 cases (13.4%) reverted to nor-
mality. Like the conversion to dementia, the return to
normality was especially observable in the first three
years of observation.
A lower baseline MMSE score (25 to 27) was a signifi-
cant predictor of conversion to overt dementia. Other
factors distinguishing the converted patients (at the first
examination in which they were positive for dementia)
from the non-converted group were folate/B12 deficien-
cy, temporal atrophy and the presence of mild to moder-
ate subcortical ischemic vascular lesions (CT-based
weighted rating scale). Atrial fibrillation (AF) was more
common among the non-converted subjects. Age, level
of education and sex were not significantly related to the
progression from MCI to AD (Table 1).
The results of the neuropsychological tests (TMT and
MDB) are detailed in Table 2. In accordance with the se-
lection criteria, the population showed a selective deficit
of episodic memory. No significant differences were de-
tected, at the baseline evaluation, between the convert-
ed and non-converted groups.
The effect of MMSE score on conversion is reported as
Kaplan-Meier survival estimates in figure 2, over. A Cox
regression analysis was performed for all the variables
reported in Table 1. Significant factors were MMSE
score (p<0.02), B12/folate deficiency, temporal atrophy
and the presence of SIVD (each p<0.05).
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Figure 1 - Amnestic mild cognitive impairment: annual rate of
conversion to dementia (143/208 cases)



The predictive variables for aMCI subjects developing
cognitive decline within versus after two years were al-
so analyzed using a logistic regression model. All the
variables reported in Table 1 were included. The logistic
regression analysis showed that aMCI patients with
BPSDs (NPI score ≥4) had a faster conversion rate to
dementia (p<0.05).
At the baseline evaluation, BPSDs were found, overall,
in 100 cases (48%). The frequency of each NPI symp-

tom is shown in figure 3 (over). A subsequent logistic re-
gression analysis of single NPI items revealed statistical
significance (p<0.05) only for apathy.

Discussion 

Mild cognitive impairment is a heterogeneous condition
that frequently converts to AD, but not all patients

Progression to dementia in aMCI.
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Table 1 - Clinical and neuropsychological characteristics of the groups of aMCI patients who converted and did not convert
to dementia

Variables Converted Not converted Significance (p)
n 143 (68.8%) n 65 (31.2%)

Age (M±SD) 73.9±7.9 72.7±8.1 n.s.

Sex (F/M) 89/54 35/30 n.s. 

Educational level, yrs (M±SD) 7.4±3.7 7.7±3.5 n.s. 

Family history of dementia 38 (26.6%) 23 (35.4%) n.s.

MMSE score (M±SD) 25.4±1.5 26.1±1.7 0.005

BPSDs (NPI score ≥4) 72  (50.3%) 28 (43.1%) n.s.

NPI total score (M±SD) 21.0±8.3 19.1±7.5 n.s.

Depression (GDS  score  11-16) 57 (39.9%) 30 (46.2%) n.s.

GDS total score (M±SD) 9.7±5.4 10.6±7.0 n.s.

CT – SIVD 68 (47.6%) 22 (33.8%) 0.04

Temporal atrophy 69 (48.3%) 16 (24.6%) 0.01

Diabetes 17 (11.9%) 12 (18.5%) n.s.

Hypertension 81 (56.6%) 39 (60%) n.s.

Myocardial infarction 16 (11.2%) 11 (16.9%) n.s.

Atrial fibrillation 7 (4.9%) 9 (13.8%) 0.03

Hypercholesterolemia 55 (38.5%) 21 (32.3%) n.s.

Hypothyroidism 17 (11.9%) 12 (18.5%) n.s.

B12/folate deficiency 13 (9.1%) 1 (1.5%) 0.03

RBD 7 (4.9%) 3 (4.6%) n.s.

Mild parkinsonian signs 7 (4.9%) 0 n.s. 

Abbreviations: BPSDs=behavioral and psychological symptoms of dementia; NPI=Neuropsychiatric Inventory;  GDS=Geriatric De-
pression Scale; CT – SIVD=subcortical ischemic vascular disease, identified on CT scan; RBD=REM sleep behavior disorder

Table 2 - Results of baseline neuropsychological tests of the groups of aMCI patients who converted and did not convert to
dementia

Neuropsychological Converted n 143 Not converted n 65 Significance (p)
(68.8%) M±SD (31.2%) M±SD

TMT B-A 111±27 101±25 n.s.

Rey - Immediate recall 26.5±4.0 27.1±4.1 n.s

Rey - Delayed recall 3.4±2.1 3.7±2.3 n.s.

Verbal fluency 25.4±5.5 26.2±4.9 n.s

Phrase construction  17.9±3.1 18.5±3.1 n.s.

Immediate visual memory 17.9±2.7 17.8±2.5 n.s

Raven’s matrices 47 25.8±3.7 25.1±3.8 n.s

Copying drawings FH 9.3±1.2 9.4±1.0 n.s

Copying drawings WL 67.2±1.5 67.5±1.4 n.s.

Abbreviations: TMT B-A=Trail Making Test, difference part B – part A; FH=freehand; WL=with landmarks



progress to dementia. The prospect, over the next 15
years, of new disease-modifying therapies for AD has
reinforced the need to detect the disease in its earliest
stages.
In our aMCI population the main factor associated with
conversion to dementia, albeit with a very rapid de-
scending trend from the first to the third year of observa-
tion, was the presence of lower cognitive scores on the
MMSE. The annual rate of conversion, calculated over a
six-year period, was 11.5%, which is in line with values
reported previously in the literature. A lower MMSE
score could indicate the presence of subtle deficits
across many cognitive domains.
On the other hand, a group of 28 cases (13.4% of the en-
tire population) reverted to normality. This percentage is
similar to the rate observed in the Cache County Memo-
ry Study for cases with clinical dementia rating equal to
0.5. However, several differences should be taken into
account, including the different neuropsychological tests
administered and the relative rarity of cases with the
amnestic form of MCI in the Cache Study (24).
Another factor found to be associated with conversion
was the presence of B12/folate deficiency. Impaired vi-
tamin B12 metabolism may be one of many factors con-
tributing to the development of cognitive impairment and
dementia and may modulate the course of the disease.
The mechanisms by which this occurs are not complete-
ly understood and may include elevated concentrations
of homocysteine, or a role of vitamins in maintenance of
the integrity of the blood-brain barrier and reduced
methylation capacity (25). 
In the presence of a cognitive decline a neuroimaging
examination is generally requested in order to exclude

causes of reversible or vascular dementia (26). A fur-
ther aim of our study was to highlight the importance of
CT in detecting the signs of degenerative (temporal at-
rophy) or vascular (SIVD) abnormalities. Our analysis
(Cox regression) confirmed, with slight significance
(p<0.05), the capacity of CT to identify non-converting
patients.
Vascular risk factors, such as diabetes mellitus and
hypertension, are associated with both the occurrence
of and the progression to AD. A recent study showed
that vascular risk factors (including hypertension, dia-
betes mellitus, hypercholesterolemia and cerebrovas-
cular disease) promote conversion from MCI to AD
(27). In our patients vascular risk factors did not differ
between the two groups, with the exception of mild to
moderate SIVD, which was significantly increased in
the converted group. Our findings, on the effect of AF,
run counter to evidence suggesting a predictive role
for AF (28). In our opinion, this discrepancy could be
related to differences in the selection of the patients
enrolled, with other authors including not only pure
aMCI patients, but also those with multi-domain and
non-amnestic MCI. 
Neuropsychiatric disturbances are seen in 35-75% of
MCI patients (29). Recent studies have investigated and
highlighted their relationship with cognitive status and
their role as possible predictors of the evolution to de-
mentia (6,7). In our study, the presence of BPSDs was
an important factor, among aMCI patients, for a faster
rate of conversion. In particular, apathy was the NPI
item most frequently observed in these patients.
Apathy has an important impact on MCI and should be
considered a mixed cognitive/psychiatric disturbance re-
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Figure 3 - Overall percentages of different neuropsychiatric
symptoms (NPI score ≥ 4) in amnesic MCI patients
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Figure 2 - Effect of MMSE score on conversion to dementia
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lated to ongoing AD neurodegeneration, being associat-
ed with an increased neurofibrillary tangle burden in the
anterior cingulate cortex (7).
Many biomarkers, related to neurodegenerative
processes, have recently been proposed for detecting
AD in its early stages. The possible application of these
biomarkers in clinical practice raises a series of ques-
tions regarding differences in their sensitivity/specificity
and in the access that Alzheimer's disease assessment
units have to advanced technology. According to the
new definition proposed by Dubois et al. (26), if MCI is
associated with positive biomarkers or imaging (i.e. sug-
gestive of pathological changes present in AD), then the
MCI diagnosis is encompassed in the AD one. 
There is still a need to further validate the currently ex-
isting biomarkers in large unselected samples and to
avoid the pitfalls of workup bias and circular diagnostic
processes (30). For these reasons, a better definition of
clinical predictors of dementia would be useful for the
identification of prodromal dementia in naturalistic and
unselected AD populations. Considerable work is, in
fact, needed to validate biomarker-based criteria and to
standardize biomarker analysis for use in community
settings. The core criteria for a diagnosis of MCI are clin-
ical. Recent recommendations from the National Insti-
tute on Aging stress that there are no clear demarca-
tions between normal aging and MCI or between MCI
and dementia, and that clinical judgment must be used
to make these distinctions (31).
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